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Abstract: Reed stands may be employed in the ameliora-
tion of water quality or even in the treatment of wastew-
ater. In this study, the nutrient concentrations of (i) the
above- and below-ground Common Reed (Phragmites aus-
tralis) biomass, and (ii) surface and interstitial water were
analyzed in a natural stand used in wastewater treatment.
The reed stand was located in Hungarian part of Lake
Fertő/Neusiedler See, by the shore near Fertőrákos Bay.
The nitrate, phosphate and dissolved organic nitrogen
concentrations of surfacewaterwere found to be higher on
the inlet side of the reed stand compared to the outlet. The
N and P concentrations in the above-ground biomass and
P concentrations in the below-ground biomass increased
after the introduction of pre-treated wastewater. The inter-
annual differences in the characteristics of sediment in-
terstitial water and in the nutrient content of reed tis-
sues were assessed using statistical methods. The samples
taken before and after the introduction of the pre-treated
wastewater in the parcel formed different clusters. The re-
sults of the study provide further evidence that the nutri-
ent retention capacity of natural stands of P. australismay
be employed in the treatment of wastewater while protect-
ing and preserving the valuable natural assets of the lake.
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1 Introduction
Phragmites australis (Cav.) Trin ex Steudel is one of the
most prolific andwidespread emergentmacrophytes in the
world. While it is considered an invasive species in some
places [1], it has also been shown to provide numerous
cultural benefits, as well as being an important species in
many wetland habitats [2–13].
It has functionally adapted to anaerobic conditions in
sediments, on account of its ability to translocate oxygen
into the rhizosphere via its well-developed aerenchima
and to oxygenize and increase the redox potential of the
otherwise anaerobic surrounding sediment [14, 15]. In this
way, it can create favorable conditions for the aerobic and
facultative anaerobic microorganisms in its root zone [16].
P. australis fulfills an important role in water purifi-
cation because of its high filtering capacity: i.e. by biore-
mediation bacterial action on the surface of the roots,
and by the uptake and incorporation of nutrients into its
own biomass (which can then be partially removed by
harvesting). Thanks to these characteristics, P. australis
can be successfully used in phytoremediation water treat-
ment [17–21]. However, high water-borne nutrient levels
represent stressful conditions for reed stands and may af-
fect the metabolism and the growth of the reed, leading in
the end to the decline of reed-stands [22, 23].
The efficiency of P. australis in water purification and
nutrient removal, along with its usefulness in the treat-
ment of domestic and agricultural wastewater, has been
thoroughly described, especially regarding the use of the
Common Reed in constructed wetlands [11, 19, 24–26].
The aim of the study therefore was to determine the
potential capacity of a natural stand of P. australis to as-
similate nutrients from pre-treated wastewater in the reed
stands on the western shore of Lake Fertő/Neusiedler See.
The approach involved themeasurement of (i) the changes
in nutrient concentrations in surface and interstitial wa-
ter at locations within the stand of Common Reeds and at
the inlet and outlet of the pre-treated wastewater (ii) the
nutrient content of the above- and below-ground biomass
before and after the introduction of the wastewater.
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Figure 1: a) The Hungarian part of Lake Fertő/Neusiedler See. (area in blue: open water and inner ponds in the reed stands; area in white:
reed stands with thin lines representing the canal system). b) Sketch of the filter bed delineated in the natural reed stand and used for the
treatment of pre-treated wastewater, with sampling sites (PR: sites closed to the inlet, PV: sites close to the outlet, FR: reference site; black
points: sampling sites for surface and interstitial water; black squares: reed sampling sites).
2 Materials and Methods
2.1 Site description
The study site is located in Lake Fertő/Neusiedler See,
a large, shallow, reed-dominated lake, situated on the
Hungarian-Austrian border with a surface area of 309 km2
andwith a regulated outflow. CommonReed covers 54%of
the lake, and 85% of the Hungarian part (75 km2). P. aus-
tralis, is the dominant species in the littoral zone and it has
been shown to play an important role in the biogeochem-
ical nutrient cycle of the lake through the uptake, storage
and decomposition [27–31]. The lake has been declared a
biosphere reserve by UNESCO, as well as a Ramsar wet-
land, National Park, and World Heritage site. A detailed
description of the lake is given in Löer [32].
The landward edge of a wide inhomogeneous reed
stand–the area of the present study-is situated near Fer-
tőrákos Bay on the lake. A 7.4 ha area of the natu-
ral reed stand was set aside for the subsequent clean-
ing of the pre-treated wastewater (bottom left: 47.715993,
16.667188; bottom right: 47.716195, 16.668347; top left:
47.721653, 16.665602; top right: 47.722043, 16.666504). The
parcel was provided with hydro-mechanical devices regu-
lating the introduction of the water (Fig. 1).
From May to October a dosing rate of 300 m3 day−1,
while from November to April 250 m3 day−1 of pre-treated
euent was discharged to the reed bed. As a consequence
of this dosing, the water depth over the wetland increased
to 5 and 25 cm in summer and winter, respectively. Water
flow across the reed bed was not uniform, because the soil
surface of the bed was uneven. The difference in height
across the parcel in the direction of the outlet was about
3 cm in every hundred meters [33].
The sampling sites (PR and PV; Fig. 1) were located
20 m from the inlet and outlet at each site. We established
sampling plots at 4, 8, and 16 m from the edge of the reed
bed to the interior in order to sample the interstitial water.
The surface water samples were taken from the inlet, out-
let, and at 4, 16 m at PR and PV sites (Fig. 1). At the same
time, a reference site was selected at Fertőrákos Bay (FR)
for the comparison of surface water characteristics. The
reed samples were taken from the PR and PV sites close
to the surface and interstitial sampling sites at 4 and 16 m,
respectively (Fig. 1).
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2.2 Surface water and interstitial water
Surface and interstitial water samples were collected on
four dates in 2004, both before (April 4), and after the in-
troduction of the pre-treated wastewater (June 13, August
1, October 17). Interstitial water was collected from depths
of 0–20 and 20–40 cm using triplicate PVC tubes (5 cm
diameter, previously purged) the lower 20 cm of which
was perforated. Reducing interaction time of the samples
with air to a minimum was a priority in the sampling pro-
cess. Subsamples were filtered in the field for certain lab-
oratory analyses and ZnCl2 was added to the sub-samples
taken for S2− determination. The temperature, pH, Eh and
oxygen concentration of the surface and interstitial water
samples was determined in situwith a Hydrolog 2100 field
instrument (Grabner, Vienna).
The samples were transported to the laboratory in a
cooler box and stored in a refrigerator until the chemical
analyses, which began the following day. The NH+4, NO−2,
NO−3, and SO2−4 concentrations were determined using a
Dionex DX-120 ionchromatograph, after filtering the sam-
ples at 0.45 µm in the field and then 0.2 µm in the labo-
ratory (using Chromafil filters). Dissolved organic (DOC),
inorganic (DIC), total (DTC) carbon, and dissolved total ni-
trogen (DN) concentrations were measured using a Liq-
uiTOC analyser, from previously filtered samples (using
0.45 µm Chromafil filters). The PO3−4 was determined spec-
trophotometrically, using the molybdenum blue method.
The S2− concentrations of surface and interstitial water
were measured employing iodometric titration [34].
2.3 Reeds
The reeds were sampled on two dates (in August 2003 and
August 2004) to determine shoot length, density, inflores-
cence, basal diameter, living leaf (number, surface), leaf
area index (LAI), shoot dry mass, and biomass using the
procedures briefly described in the present study. More in-
formation can be found in [3] and [35].
The Reeds were harvested from randomly selected
0.25 m2 quadrats at each site in 4 replicates by cutting
shoots at the sediment surface. The current year above-
ground biomass and the standing litter (old shoots) were
determined separately. Eight samples of rhizomes were
collected using 1 m long sampling tubes with a diameter
of 19.5 cm [36, 37] at the PR and PV sites separately. The
rhizomes were separated into living, senescing, and dead
categories based on the colour, branching and consistency
of the rhizome system.
The C, N, S concentrations of the above-ground and
below-ground biomass were determined using a Fisons
NA1500 NCS-analyser, and the P concentrations with the
molybdenum blue method after the digestion with sul-
phuric acid.
2.4 Data analysis
Besides the calculation of the descriptive statistics of the
datasets, uni-and multivariate statistical methods were
applied to investigate the differences between the sam-
pling sites in space and time. The significant differences
between the group’s means (i) in time for all the sampling
events at one site, and (ii) in space for one sampling time
and all the sites were investigated using One-way ANOVA.
The homogeneity of variances was assessed using F-tests.
In the case of both tests a p = 0.05 significance level was
applied [38, 39].
To answer the question of which sampling sites and
times are similar to each other, hierarchical cluster anal-
ysis was used with Ward’s method [40] and squared Eu-
clidean distance. This is a widely knownmultivariate clas-
sification method in which each case starts in a separate
cluster and joins up to the other clusters as the linkage
distance grows, until only one cluster remains [41]. This
method has been successfully applied in hydrology [42–
45], hydrogeology [46], geology [47–51], chemistry [52] and
anthropology [53] to find similar andhomogeneous groups
of observations.
The validity of the groupings was verified using linear
discriminant analysis (LDA), which separates the observa-
tions with linear planes resulting in a percentage of cor-
rectly classified cases [54, 55]. During the analysis, a pre-
dictive model was built for group membership. The model
consists of discriminant functions based on linear combi-
nations of the predictor variables [44].
Thegroupings of the sampling siteswere also assessed
based on the measured variables’ stochastic connections
using a powerful pattern recognition technique, principal
component analysis (PCA) [56]. The principal components
are uncorrelated and are obtained as a linear combination
of the original variables [57]:
zij = ai1x1j + ai2x2j + . . . + aimxmj
where z is the component loading, a is the component
score, x is the measured value of the variable, i is the com-
ponent number, j is the sample number, and m is the to-
tal number of variables [58]. The pattern of the observa-
tions’ grouping can be visualized by plotting the scores
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of the first and second principal components on a scatter-
plot [59].
The statistical analyses were performed using R Soft-
ware. Besides number of basic functions of base and stats
packages, lda fromMASS and PCA from FactoMineR pack-
age were used during the analysis.
3 Results
3.1 Surface and interstitial water
3.1.1 Overview
The chemical characteristics of surface and interstitial wa-
ter were found to be quite diverse (Table 1). The pH of the
surfacewater fell between 7.0 and 8.3, with the highest val-
uesmeasured at the inlet (8.3) and outlet (8.2). The pH val-
ues at the reed bed sites were lower than the pH values
measured in surface water at the reference site (FR: 8.8–
9.3). The pH of the interstitial water was lower than that of
the surface water in each case.
The electrical conductivity of surface water decreased
proceeding from the inlet (1464–1965 µS cm−1) towards the
outlet (790–1184 µS cm−1). Most of the time the electrical
conductivity of interstitial water increased with sediment
depth, and EC values were always higher in surface water
at the reference site (Table 1).
The values for dissolved oxygen (DO) concentration at
the inlet and outlet did not differ remarkably from each
other, and in most cases were higher than in the reed
stand. The oxygen concentration also decreased from the
edge (4 m) towards to interior (16 m) of the parcel. The DO
concentration in the interstitial water was lower than in
the surface water in most cases. At reference site, the DO
concentration of the surface water was 4-5 times higher
than in the reed parcel.
Higher PO3−4 concentrations were measured at the in-
let (6.0–15.25mg l−1) than at the outlet (0.17–1.17mg l−1). In
the reed stand the PO3−4 concentrations of the surface and
interstitial water were higher at the PR sites in most cases.
The phosphate concentration in surface water at the refer-
ence site was almost always lower (avg. 0.12 mg l−1) than
the values measured in the reed stand.
The SO2−4 concentration in the surface water was
higher at the inlet (range = 196.2–306.7 mg l−1) than at the
outlet (range= 10.0–41.7mg l−1; Table 1). The SO2−4 concen-
trations of surface and interstitial water were both higher
at the PR sites. The SO2−4 concentrations of surface water
were almost always higher than in the interstitial water,
and these concentrations decreased with depth. The SO2−4
concentrations were highest at the reference site (Table 1).
The concentration of S2− was always beneath the limit
of detectability in the surface water at the inlet, outlet, or
even at the reference site. However, in surface water in the
reed stand it varied between 1.5 and 12.7 mg l−1. It was al-
most always lower than in the interstitial water (Table 1).
Ammonium and NO−2 were not detectable in either
surface or interstitial water. Nitrate concentrations were
higher at the inlet compared to the outlet (Table 1) and
decreased from the inlet to the outlet, but there was no
consistent pattern across the distances and sites when the
four sampling dates were compared. At the reference site,
the NO−3 concentrations were always lower than the values
measured at the outlet (Table 1).
The DN (total dissolved nitrogen) of the surface water
at the inlet varied between 3.19 and 6.77 mg l−1 and it was
higher than at the outlet (2.3–2.7 mg l−1). DN concentra-
tions in the surface water within the reed bed were high-
est at the PR sites and decreased from the inlet towards the
outlet. TheDN in the surfacewater at the outletwas almost
the same as that at the reference site (FR range = 1.50–
2.62 mg l−1).
Higher DOC concentrations were measured in the sur-
face water at the outlet compared to the inlet. The DOC
concentration of the interstitial water increased with the
depth and it was higher than that in surface water.
3.1.2 Multivariate results
The cluster results of the surface water samples indicated
that the samples taken before and after the introduction
of the pre-treated wastewater in the parcel (PR and PV)
formed two different groups, regardless of which site they
came from, but in the meanwhile this process did not af-
fect the reference site in the open water of Fertőrákos Bay
(Fig. 2a). Here, the samples remained in one group be-
fore and after the introduction of pre-treated wastewater.
With the grouping of the interstitial water samples, it be-
came clear that before the introduction of the pre-treated
wastewater all the samples from all the sites formed one
group, while after it, these separated according to which
site they were measured at, near the outlet and the inlet,
PV and PR, respectively (Fig. 2b). These groupings were
justified by the results of the linear discriminant analysis.
Using PCA the principal component (PC) loadings and
scoreswere obtained for the interstitialwater samples. The
first two PCs explained 62–74% of the total variance. The
scores of these two PCs were plotted against each other on
scatterplots in the case of all sampling events. These plots
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Figure 2: Grouping of the sampling sites based on the results of the cluster analysis conducted on the surface (a) and interstitial water
samples (b).
confirmed the results of the cluster analysis; the samples
originating from the sites near the inlet (PR) and the outlet
(PV) separated from each other (A1) in spite of the fact that
not the total variance of the dataset but only a part of it was
considered during the analysis.
3.2 Characteristics of the Common Reed
3.2.1 Above ground
Regarding the point when the above-ground biomass
reached its maximum, shoot height varied between sites
and from 2003 to 2004 (Table 2). The average shoot height
was smaller inmost cases at the PV than at the PR site. The
differences in shoot basal diameter between the PR and PV
sites were notable in both years (Table 2). The number of
living leaves varied between 7 and 10 per shoot at both
sites; the only year when they differed significantly was
2004. The morphometry of the shoots (shorter and thin-
ner shoots) indicated a change in 2004, leading to a con-
siderable decrease in dry mass. This also affected biomass
as well (Table 2). As a combined result of shoot density
increase and the previously discussed decrease in shoot
morphometry, a decrease in biomass was recorded at the
PV sites (Table 2). Considerable differences in the assim-
ilating surface were recorded between the sites and from
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year to year (Table 2). The leaf area index (LAI) was higher
at the PR than at the PV sites.
3.2.2 Below-ground
The majority of the living rhizomes and roots is situated
in the upper sediment layer, above the first horizontal rhi-
zome (20–30 cm). Differences between the investigated
years were found in the course of the analysis of vari-
ance of the different parameters (Table 2). Living rhizome
biomass varied between 2.5–4.3 and 1.1–1.8 kg m−2 at sites
PR and PV respectively, while the total living biomass (rhi-
zome, root, buds) varied between 3.1–4.9 kg m−2 at the PR
sites, and between 1.4 and 2.1 kg m−2 at the PV sites.
In the rhizome system, the senescence drymass varied
between 0.5 and 1.9 kg m−2 at the investigated sites. The
senescence rhizomes made up less than half of the total
below-ground biomass.
3.2.3 Nutrient concentrations and standing stock
The highest C concentrations were measured in the living
roots and senescence rhizome and the lowest ones in liv-
ing leaves (Table 3), while higher P and N concentrations
were measured in the inflorescence, leaves, the living rhi-
zome, and roots than in the stem and senescence rhizome.
The S concentration was relatively variable in the exam-
ined reed organs. The living and senescence roots and liv-
ing rhizomes contain the highest S concentration in con-
trast to above-ground organs.
In 2004 the stem contained more P and C, the living
leaves and senescence roots more N, P and C, the living
rootsmoreN andC, the senescence rhizomesmore P andN
and the living rhizomesmore C than in 2003. In the above-
ground organs there were no remarkable differences in
the S concentrations, nevertheless in the living leaf and
the underground organs the S concentration was higher
in 2003.
The C standing stock of living shoots varied between
383 and 1070gm−2 in 2003andbetween471 and 1059gm−2
in 2004. Similar to the case of the above-ground biomass,
the C standing stock was also lower at PV sites than at the
PR sites (Tables 2 and 4). As for the below-ground mea-
surements, differenceswere found between the C standing
stock of living (440–2.210 g m−2) and senescence biomass
(220–912 g m−2).
TheN standing stock of the annual above-ground phy-
tomass varied between 9.6 and 36.7 g m−2 in 2003 and
between 13.2 and 28.8 g m−2 in 2004. It was higher in
both years at the PR sites. Considerable differences were
recorded at the individual sites between the N standing
stock of thebelow-ground living anddecayingbiomass (4–
63 g m−2 and 3.9–15.4 g m−2, respectively).
As for the P standing stock of the new shoots, it var-
ied between the PR and PV sites (Table 2). It was similar in
2004 (0.7–1.9 gm−2) and in 2003 (0.5–1.9 gm−2). There was
0.8–3.0 and 0.3–1.2 g m−2 P standing stock in the below-
ground organs (living and decaying biomass, separately).
As for the above- and the below-ground organs, their
samples were separated by cluster analysis into two
groups, before and after the introduction of pre-treated
wastewater (Figs. 3a and 3b respectively). These groupings
were confirmed by the results of the linear discriminant
analysis as in the case of the analysis of thewater samples.
4 Discussion
Nutrients in water and in sediment
interstitial water
Simultaneous physical, chemical, and biological pro-
cesses affected the pre-treated wastewater as it flowed
through the reed parcel, towards the Virágosmajor-Canal.
Nutrient removal by P. australis is achieved via two major
processes: the absorption by the plant itself andmicrobial
activity in the rhizosphere [16, 60, 61]. As a result, the con-
centration of the nutrients noticeably decreased between
the inlet and the outlet. It was shown that the nutrient re-
moval efficiency of the reed beds depends on (i) the load-
ing rates, (ii) the distribution/spread of the water at the
inlet, (iii) the nutrient species occurring (organic or inor-
ganic N and P forms), and (iv) the abiotic environmental
conditions [62].
At the sites in the vicinity of the inlet (PR), the PO3−4
concentration of the water was significantly higher than
at the sites close to the outlet (PV). This happened presum-
ably via the phosphate uptake of the reeds, bacteria, and
algae and through phosphate absorption, complexation,
and precipitation with metals and clay particles [60, 63].
The decrease in nitrate concentration in the water
from the inlet to the outlet suggested that N removal was
taking place in the system. The major N removal mecha-
nisms in the reed bed systems used for wastewater treat-
ment are the combined nitrification and denitrification
processes [16, 60]. The internal oxygen transport of P.
australis to its rhizosphere makes the simultaneous ex-
istence of oxidised, anoxic, and reduced zones possible,
as also the co-occurrence of these processes [16, 64, 65].
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Figure 3: Grouping of the sampling sites based on the results of the cluster analysis conducted on the above-ground (a) and below-ground
reed samples (b).
Aerobic bacteria are responsible for oxidizing ammonia,
heavy metals and other toxic compounds. Nitrogen can
also be taken up by the reeds and incorporated into its
own biomass [60]. Ammoniawas not detectable in the sur-
face and interstitial water during the investigation period,
whichmay be explained by the efficient ammonium-N up-
take of reeds and algae and by its removal through the
nitrification-denitrification processes.
The phosphate and nitrate concentrations measured
in the surface and interstitial water in this study were sim-
ilar to those of e.g. [66], which were obtained in different
reed stands of Lake Fertő/Neusiedler See; however, both
of these were higher than the results of [67]. The reason for
this may lie in the great fall in the water level of the whole
lake and the partial drying out of the parcel on the shore-
line in 2003.
The concentration of DOC in the surface water was
higher at the outlet than at the inlet. However, in the reed
stand even these values were exceeded. This might have
been due to the contribution of the DOC originating from
the decaying plantmaterial accumulating in the sediment,
as reflected by the high organic matter content of the sed-
iment. [68], studying the nutrient release from integrated
constructedwetland sediments, also found that sediments
released substantially more organic matter than the in-
coming organic matter that could be degraded. The living
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reed roots and rhizomes are also capable of emitting DOC
to a greater degree during the active growth period [69].
The sulphate concentration of water in most cases de-
creased as a function of the sediment depth and displayed
an inverse relationship to the vertical profile of sulphide
concentrations. This happened because sulphate reduc-
tion processes can also precipitate heavy metals, where
they occur, in the root-zones [16, 70].
Thewater slowlyflowing through theoutlet, leaves the
parcel, eventually reaching the Virágosmajor Canal and
subsequently Fertőrákos Bay. As a result of the dilution of
the outflow water its Eh, pH and oxygen content is lower,
while its nutrient content (PO3−4 , NO−3) is higher than that
of the open water at the reference site, showing a similar
situation to the 6 km-wide reed standwhich lies across the
Bozi Canal [71].
The inhomogeneity of the reed stand area set aside
for the subsequent cleaning of the pre-treated wastewa-
ter made it difficult to work out a sampling strategy which
would allow the preparation of amass balancewith appro-
priate accuracy.
At the data evaluation stage, another circumstance
urged caution, namely the quantity of wastewater dis-
charged daily into the reed parcel. It did not usually inun-
date the parcel, partly due to the currentwater level fluctu-
ation of Lake Fertő/Neusiedler See. Consequently, the pre-
treated wastewater did not leave the parcel at all times as
surface water, i.e. the flow of the wastewater was not con-
tinuous. Therefore the determination of the residence time
became highly difficult and in most cases impossible.
Reeds
There are three main processes which interact and si-
multaneously influence each other: (i) nutrient uptake by
Phragmites from both the sediment and the water, (ii) the
mineral concentrations of the surrounding water and soil,
and (iii) the biomass [12]. According to previous studies,
nutrient enrichment of the water raises the N and P con-
centrations in the reed tissue [5, 7–9, 61, 72, 73]. In the
present study, the N and P concentrations of the leaves
were higher and the P concentration of the stem, senes-
cence rhizomes and roots was also significantly higher af-
ter the introduction of pre-treated wastewater (in 2004)
than before (2003). This indicated that the P. australis
took up and stored more P from its nutrient-enriched en-
vironment (sediment interstitial water and surface water),
which was caused by the introduction of the pre-treated
wastewater. This is seems to be supported by the decrease
in the N and P concentrations of the water from the inlet to
the outlet. This result is in harmony with work of Meule-
man et al. [20]. They also found that nutrient concentra-
tion and nutrient storage in P. australis vegetation in an in-
filtration wetland used for wastewater treatment was sig-
nificantly higher than in the natural wetland. This state-
ment is in harmony with the results of the study [74]. In
previous studies, it has been pointed out that the uptake
of nutrients by reeds is only of quantitative importance in
low loaded systems [11].
The significant influence of the wastewater on the bio-
metrical parameters of the reedwasdescribedby [13]. They
found that the maximal density of shoots was higher, the
biomass was twice as high and the shoot diameter was sig-
nificantly greater in the treated water than in the natural
reed stand.Ahigher shoot densitywas also recorded in our
study, which, on the one hand can be attributed to the ef-
fect of wastewater, while on the reeds, and on the other
hand to the result of the reeds’ winter harvesting.
All the above findings were reflected in and in har-
monywith themultivariate results aswell, specifically that
the reed stand functioned as an effective filtering area for
the pre-treated wastewater. It retained it, thus leaving the
processes of the open water unaffected. This is why its
samples remained in one group while those in the par-
cel separated in both time (before and after) and space
(inlet and outlet) after the introduction of the pre-treated
wastewater. This situation is similar to the one witnessed
in a constructedwetland, the Kis-BalatonWater Protection
System [75–77].
5 Conclusions
The nutrient concentrations of the reed organs, surface
water, sediment interstitial water and the effect of pre-
treated wastewater were analysed in a partly separated
reed standused for pre-treatedwastewater treatment, near
Fertőrákos Bay at the landward edge of a wide reed belt of
Lake Fertő/Neusiedler See.
Based on the results it can be concluded that the
Phragmites australis stand, is (i) able to fulfil an impor-
tant role in efficiently and sustainably removing nutrients
(NO−3, PO3−4 , DN) from pre-treated wastewater, while (ii)
conserving and protecting the natural processes of the
open water. The investigation underlines the efficient ap-
plicability of “close-to-natural” reed parcels for the purifi-
cation of pre-treated wastewater in a highly unstable hy-
drological system.
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Appendix
Figure A1: Plot of the first and second principal component scores obtained from the interstitial water samples.
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